To rank psychosocial and traditional risk factors by importance for coronary heart disease.
Introduction
Knowledge of prevention of coronary heart disease (CHD) is based on prospective population studies started in the late 1940s, and on intervention trials from early 1970s. In 1961, the term factors of risk in the development of CHD were published for the first time by the Framingham Study, stating that the CHD risk factors were hypertension, hypercholesterolaemia, and the electrocardiographic pattern of left-ventricular hypertrophy. 1 A number of new CHD risk factors have later been added. 2 From the 1970s onwards, psychosocial risk factors have also been linked to CHD. 3 -7 The seminal Interheart study, a case -control study involving 15 152 MI cases from 52 countries, concluded that nine risk factors accounted for 90% of cases and that psychosocial factors alone were responsible for 32.5%. 8 A direct comparison of the impact of traditional and psychosocial risk factors based on a prospective population study has to our knowledge never been published. The Copenhagen City Heart Study has previously ranked the traditional CHD risk factors by importance for the individual and community. 9 The individual impact of vital exhaustion, social network, and major life events as well as socioeconomic stress on the risks of CHD, stroke, heart failure, and total mortality has also been assessed. 10 -16 The aim of the present study was to compare traditional and psychosocial risk factors and rank them by importance for incidence of CHD, and further to determine whether psychosocial factors may improve risk prediction in a population free of cardiovascular diseases and diabetes.
Methods

Study population
The Copenhagen City Heart Study is a prospective cardiovascular population study comprising a random sample of 19 329 white men and women aged 20 -93 years, when drawn from the Copenhagen Population Register as of 1 January 1976. The first examination was carried out in 1976-78 with 14 223 participants (response rate 74%). Details have been described elsewhere. 17 The present analyses are based on the third examination from 1991 to 1994, with 10 135 participants (response rate 61%). We excluded participants with a history of CHD (n ¼ 614), stroke (n ¼ 362), and diabetes (n ¼ 446), leaving 8882 participants (3714 men and 5168 women) for analyses.
Survey methods
Established procedures and examinations for cardiovascular epidemiology surveys were employed. 18 A self-administered questionnaire including information about smoking, alcohol intake, physical activity in leisure time, diabetes mellitus, family history of cardiovascular disease (parents), education, and psychosocial status was completed. Vital exhaustion was assessed using a 17-item questionnaire, given in Table 1 , derived from the items used by Appels et al. 19 and Prescott et al.
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The number of positive answers (except for the question 'I feel fine' which was reversed) to the 17 items was grouped into four categories: 0, 1 -4, 5 -9, and 10 -17. The social network measure contained a subset of questions drawn from an instrument used in a previous study by Orth-Gomer and Johnson. 5 Participants were asked how frequently they had contact with persons in the following categories: parents, children, other family members, a spouse or partner, colleagues from work, neighbours, friends from youth, other friends, and home help. Response options were daily, weekly, monthly, rarely, or never. The assessment of major life events was based on a shorter and modified version of the Social Readjustment Rating Scale, and it included yes/no questions on (i) major life events in childhood (long-term illness in parents, placed in care outside of the home, serious family conflicts, parents' long-term unemployment, serious economic problems), (ii) major life events in adult life (serious and long-term illness in children, having children with major educational problems, major conflicts with adult children, marital problems, involved in a serious accident or long-term illness, death or long-term illness in a close family member, serious economic problems), and (iii) major life events in work life (not achieving educational goals, job loss, not being promoted, serious conflicts with colleagues, supervisors, or charges). 20 We measured height, weight, blood pressure (London School of Hygiene sphygmomanometer), electrocardiogram, and a comprehensive laboratory blood-sample investigation. 17 The study was approved by The Committees of Biomedical Research Ethics for the Capital region in Denmark (H-KF-01-144/01). All participants gave written consent.
End points
Participants were followed from the third examination (1991 -1994) until April 2013 or death, using the unique personal identification number in the Danish National Central Person Register (all-cause deaths).
Information about morbidity leading to hospitalization was obtained from The National Patient Register until April 2013, and causes of death from The Register of Causes of Death until December 2011. During the observation period, Denmark shifted from the 8th revision of the International Classification of Diseases to the 10th revision, which came into use in January 1994. Coronary heart disease refers to morbidity or death from CHD codes 410-414 until January 1994 and thereafter codes I20-I25. Of the 8882 participants, none were lost to follow-up.
Statistical analysis
Ranking was performed in four ways for both genders separately. (1) - (3) used Cox proportional hazards regression with age as underlying time scale (delayed entry) and (4) used Cox partial likelihood as loss-function and follow-up time as underlying time scale:
(1) Ranking based on forward stepwise selection using the Akaike Information Criterion (AIC).
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(2) Ranking based on the final model found in (1) 22 Hence, for covariates with more than two categories, a single exposed category is formed by combining all exposed categories as one. The bias-corrected population attributable risk and confidence interval was estimated by bootstrap resampling with 10 000 samples. 24 Machine-learned ranking implements ranking based on algorithm-based models that learns from data. Gradient Boosting Machine quantifies the relative influence of each covariate with an overall sum of 100%. Cox partial likelihood for right-censored data was chosen as loss-function and shrinkage was set to 0.001. Follow-up time was chosen as the underlying time scale and all models were adjusted for age. Bias-corrected relative influence and confidence interval was estimated by bootstrap resampling with 10 000 samples. Due to non-normality of the bootstrap statistic for some covariates, the median and percentile confidence interval (2.5th and 97.5th percentile) was reported. Confidence intervals based on normality could potentially include negative values of the relative influence which is meaningless. However, ranking was based on the biascorrected relative influence. The possible traditional CHD risk factors tested in the model selection included systolic blood pressure (,120, 120 -139, 140 -159, ≥160 mmHg or use of blood pressure medication), smoking (never smoker, former smoker, and smoker, expressed in 1 -4 g tobacco/day, 5 -14 g tobacco/day, ≥15 g tobacco/day; 1 cigarette ¼ 1 g tobacco, 1 cheroot ¼ 3 g, and 1 cigar ¼ 5 g), physical activity in leisure time (low, moderate, high), alcohol intake (never, 1-20 drinks/week for men and 1-14 drinks/week for women, ≥21 drinks/week for men and ≥15 The psychosocial risk factors considered were years in school (,8, 8 -10, ≥11, university), vital exhaustion (number of positive responses to 17 questions: 0, 1 -4, 5 -9, 10 -17), social network (number of contacts: 0, 1 -2, 3 -4, 5 -6), and major life events. The psychosocial factor most strongly associated with CHD was vital exhaustion. The predictive power of the Cox models comparing models without and with vital exhaustion was summarized by Harrell's C-index. To further evaluate the value of vital exhaustion for risk classification, we calculated category-free net reclassification improvement, 24 which is a measure for evaluating the improvement in prediction performance in models with and without vital exhaustion, when including traditional risk factors from the SCORE model. 2, 25 Net reclassification improvement measures the expanded models' ability to correctly reclassify individuals with and without events during follow-up into higher or lower risk, respectively. The expected number of events and non-events were used in the estimation of net reclassification improvements to account for censored data and calculated by multiplying the total number of individuals by the Kaplan-Meier estimates at end of follow-up. 26 This approach is optimal in assessing calibration of survival models. 27 The bias-corrected net reclassification improvement and confidence interval was estimated by bootstrap resampling with 10 000 samples.
Results
Study population
Traditional and psychosocial baseline characteristics are presented in 
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Ranking of psychosocial and traditional risk factors Univariable analysis Table 3 gives age-adjusted univariable hazard ratios for incident CHD for each of the traditional and psychosocial risk factors for CHD by gender. Smoking, HDL cholesterol, body mass index, systolic blood pressure, physical activity in leisure time, and family history were statistically significantly related to CHD in both genders, but total cholesterol only in men and alcohol intake only in women.
Of the psychosocial factors examined, vital exhaustion and education were significantly predictive of CHD. For vital exhaustion, the association showed a dose-response relationship reaching a maximum hazard ratio of over two for subjects scoring above 9 on the 17 itemscale ( Table 1) . Social network was not associated with CHD. Life events during childhood, adulthood, or work showed no consistent associations with CHD outcomes and were not considered in further analyses.
Multivariable analyses and ranking of risk factors
In the multivariable analysis (Figure 1) , vital exhaustion was in men the highest ranking risk factor by importance for CHD, hazard ratio (HR) 2.36 (95% CI, 1.70-3.26; P , 0.001), and second in women, HR 2.07 (95% CI, 1.61-2.68; P , 0.001) according to AIC.
The risk factors ranked highest by PAF in men were systolic blood pressure (PAF 33.1%; 95% CI, 13.7-52.5%; P , 0.001), smoking (PAF 31.5%; 95% CI, 17.2-45.9%; P , 0.001), and education (PAF 25.9%; 95% CI, 9.5 -42.3%; P ¼ 0.002) with vital exhaustion ranking fourth (PAF 21.1%; 95% CI, 13.0-29.2%; P , 0.001). In women, the three highest ranking were vital exhaustion (PAF 27.7%; 95% CI, 18.6-36.7%; P , 0.001), systolic blood pressure (PAF 18.5%; 95% CI, 1.7 -35.4%; P ¼ 0.031), and smoking (PAF 16.7%; 95% CI, 8.3 -25.1%; P , 0.001). Ranking according to one-step backwards elimination of the final model yielded exactly the same ordering of the risk factors as forward stepwise selection shown in Figure 1 .
The risk factors with the greatest relative influence on CHD according to GBM in men were total cholesterol (21.4%; 95% CI, 12.1-30.8%), systolic blood pressure (20.2%; 95% CI, 9.7 -30.6%), and vital exhaustion (16.3%; 95% CI, 7.9 -24.8%). For women, vital exhaustion was the second most influential risk factor for CHD (20.2%; 95% CI, 11.4-29.1%) only surpassed by systolic blood pressure (26.7%; 95% CI, 14.8-38.5%). These two risk factors have almost the same relative influence (46.9%) as the remaining five risk factors in the model (53.1%).
When the categorical version of vital exhaustion was substituted with the continuous version (with values given by whole numbers from 0 to 17) the exact same ordering of the covariates was found according to AIC. For men, the continuous version of vital exhaustion was slightly better while the categorical version was better for women.
SCORE risk factors, i.e. age, sex, current smoking, cholesterol, and systolic blood pressure, explained the majority of variation in the CHD outcome as indicated by a Harrell's C-index of 0.800 (95% CI, 0.799-0.802; P , 0.001). Inclusion of vital exhaustion in the model increased the prediction significantly but numerically had small impact (improvement in C-index 0.010; 95% CI, 0.009-0.011; P , 0.001). However, the net reclassification improvement was 32.0% (95% CI, 24.0 -40.0%; P , 0.001). For comparison, we estimated the predictive value of systolic blood pressure in a model including age, sex, current smoking, and total cholesterol. Systolic blood pressure was surpassed in performance by vital exhaustion since the increase in C-index for systolic blood pressure was 0.004 (95% CI, 0.003 -0.005; P , 0.001) and net reclassification improvement 18.2% (95% CI, 14.2-22.3%; P , 0.001). Figure 1 Ranking of risk factors by importance for incident Coronary Heart Disease in 3714 men and 5168 women separately in the Copenhagen City Heart Study. Ranking was based on forward stepwise selection using Akaike Information Criterion (AIC), multivariable adjusted overall Mantel -Haenszel Population Attributable Fraction (PAF) and relative influence according to Gradient Boosting Machine (GBM). Cox regression models with age as underlying time scale were performed for AIC and PAF while Cox partial likelihood with follow-up time as underlying time scale was chosen as loss-function for GBM (including age-adjustment). Bootstrap percentile confidence intervals (2.5th to 97.5th percentile; shown in second line) for the medians were performed in addition to normal confidence intervals (shown in first line) for GBM due to deviations from normality in the bootstrap statistic for some covariates. ' . 'P , 0.10, *P , 0.05, **P , 0.01, ***P , 0.001. 
Discussion
The most important finding in the present study was that vital exhaustion was an independent risk factor for CHD in both men and women and that it ranked first among men and second among women. Furthermore, vital exhaustion significantly improved the risk prediction based on European Society of Cardiology's SCORE-model in this general population. 2 The vital exhaustion construct was originally developed by Appels in 1987. 19 From the Copenhagen City Heart Study; we have reported a significant association between vital exhaustion and risk of CHD. 14 In the Atherosclerosis Risk In Communities (ARIC) study comprising 12 895 men and women followed for CHD morbidity and mortality, belonging to the highest quartile of vital exhaustion was associated with age-and gender-adjusted hazard ratio of 1.69, which was reduced to 1.46 after multiple adjustment but remained highly significant associated with the outcome (P ¼ 0.002). 28 Vital exhaustion is defined as excessive fatigue, feelings of demoralization, and increased irritability and is often considered a form of adaptation to prolonged distress or burnout. Vital exhaustion is also linked to depression but it is still unclear whether they are conceptually distinct since studies evaluating the overlap between the two concepts have been inconsistent. 29 -32 In the most recent study by Vroege et al., 33 vital exhaustion was compared with the Beck Depression Inventory (BDI) in 528 patients hospitalized with MI. Principal component analyses of vital exhaustion yielded only one dimension which had strong overlap with the somatic/affective dimension of the BDI but not with the cognitive/affective dimension. In addition, vital exhaustion and somatic/affective depression were associated with poor cardiovascular outcomes in the patient group while cognitive/affective dimension was not. 33 A recent meta-analysis of 13 prospective studies of depression in heart disease found that the somatic/affective dimension but not the cognitive/affective dimension was associated with mortality and cardiovascular outcomes. 34 We are not aware of similar studies based on healthy population samples, and it is a limitation of our study that a validated depression inventory was not included, however, the data based on patients with CHD indicate that vital exhaustion captures a dimension of depression associated with poor prognosis. Several hypotheses have been proposed to explain the association between psychosocial distress and the development of CHD, among them enhanced platelet reactivity, lower heart rate variability, increased inflammation, and endothelial dysfunction, but for the present, the pathophysiological links remain unclear. 35 Intervention targeting psychosocial distress to improve cardiovascular risk factors have shown to be effective. A randomized Swedish study comparing cognitive behavioural therapy focusing on stress management with conventional care in 372 patients with CHD found a 41% lower rate of recurrent cardiovascular events (P ¼ 0.002).
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The most recent European Society of Cardiology guidelines (SCORE) emphasize that psychosocial factors comprising low socioeconomic status, social isolation and lack of social support, stress at work and in family life, depression, anxiety, hostility, anger, and type D personality contribute to the risk of cardiovascular diseases and may be regarded as qualifiers in the recommended SCORE, meaning that the presence of the risk factor can move the person up a class in risk. 2 In the American College of Cardiology and American Heart Association guidelines on the value of novel risk markers in risk prediction and in risk assessment of asymptomatic individuals, psychosocial factors have not yet been considered. 37, 38 In this study, traditional risk factors included in SCORE already gave good prediction as indicated by Harell's C-index of 0.800. This is presumably mainly due to the large age-span in the study and age being the most important predictor of outcome. Thus, any risk factor would need to perform well to improve risk prediction in this setting. However, vital exhaustion improved risk prediction as indicated by significant improvement in Harrell's C-index (P , 0.001) and net reclassification improvement (P , 0.001) for CHD. Although the nominal increase in C-index was at best modest, the improvement was greater than that seen when adding systolic blood pressure to a SCORE model without systolic blood pressure.
Limitations of the study include that because our study is observational and not a randomized trial, we can demonstrate associations but not casual relationships. However, our cohort was a large random sample from the general population, the response rate was acceptable, 61%, and none were lost to follow-up. It should be mentioned, that several authors have found that observational studies and randomized controlled trials usually produce similar results. 39, 40 In these years, the developed countries see a decline in the incidence of CHD because of improvement in traditional risk factors such as smoking and cholesterol. 41 -45 Psychosocial stress on the other hand shows trends towards an increase. 45 The relative importance of psychosocial stress on the risk of CHD is likely to increase and should therefore be considered. These findings emphasize the importance of including psychosocial factors in public-health priority and implementing costeffective interventions to reduce its burden on CHD.
